Objective: To determine the prognostic value of the American Society of Anesthesiologists (ASA) classification and of the main clinical pathologic variables in renal cell carcinoma (RCC) patients who underwent surgical treatment. Methods: In this international collaborative study, 376 RCC patients who underwent partial nephrectomy (PN) or radical nephrectomy (RN) during the period 1989-2009 were assessed. The pathological data were reviewed by a single pathologist, and all of the surgically treated patients had been previously evaluated by a team of anesthesiologists and classified as ASA 1, ASA 2, or ASA 3. Results: In total, 318 patients were included in the study, with a mean followup of 48 months. Incidental tumors represented 47% of the cases, while 11.6% presented with metastases at diagnosis. Among the patients assessed, 38 (11.9%) were classified as ASA 1, 213 (67%) as ASA 2, and 67 (21.1%) as ASA 3. An association between the ASA classification and the main clinicopathological variables of RCC was observed. The univariate analysis for overall survival (OS) revealed significant differences in the survival curves according to the ASA classification (p < 0.001). High-grade neoplasms, the presence of metastasis at diagnosis, clinical stage III/IV, and incidental tumors remained as independent predictors of survival. Moreover, the multivariate analysis revealed a negative impact of the ASA classification on OS (p = 0.001). Conclusions: The present study demonstrated a correlation between the ASA classification and the main prognostic factors of RCC and its impact on survival rates. ASA 3 patients had more aggressive tumors, increased risk of perioperative complications, and worse outcomes compared with ASA1 or ASA 2. Thus, the ASA classification may be considered an additional tool for assessing and planning the treatment of RCC patients.
Introduction
Renal cell carcinoma (RCC) accounts for 3% of malignnant neoplasms in adults, and its incidence has increased over the last 20 years [1] [2] [3] . Although the incidental diagnosis is increasing worldwide, the mortality has not decreased [4] . The RCC evolution is unpredictable. Approximately 30% of patients present with metastases at diagnosis, and approximately 40% of those individuals treated for localized disease may experience recurrence [5] .
Most of the known prognostic factors are based on clinicopathologic variables such as the stage, grade, histologic type, and performance status (PS) [6, 7] . The presence of symptoms at diagnosis indicates larger tumors that are more aggressive and have worse outcomes [8] . The angiogenesis, apoptosis, and cell cycle biomarkers are underutilized in clinical practice and have a prognostic potential that is not yet well established for RCC [9] . The development of more accurate prognostic factors is extremely important for individualized therapeutic planning [10] [11] [12] .
RCC treatment with curative intent is primarily surgical. With increasing longevity and an aging population, an increasing number of elderly RCC patients are candi-dates for curative treatments, and their potential comorbidities should be considered [13] . Other patients, due to their reduced life expectancy, are candidates for vigilant observation protocols. Approximately 24% of RCC patients have at least two comorbidities that are relevant to diagnosis [14] .
Several evaluation and stratification mechanisms, such as the Karnofsky's Performance Status (KPS) [15] , the Eastern Cooperative Oncology Group (ECOG) [16] , and the Charlson comorbidity index [17] , can be used to evaluate this group of patients. However, these classifications assess the impact of cancer on the individual's general health, not considering the comorbidities and their impact on the outcome of these tumors. It has been recently reported that utilizing the American Society of Anesthesiologists (ASA) classification has a prognostic effect on survival rates and assessments of the metastatic risk in RCC patients [18] .
Moreover, the impact of these comorbidities in the evolution of many tumors has been demonstrated, however, the prognostic value in RCC patients and the association with classical clinicopathologic variables are still poorly studied [19, 20] .
Therefore, the aim of this investigation was to evaluate the relevance and impact of classical clinicopathological variables and the influence of comorbidities assessed by the ASA classification on the survival rates of RCC patients who underwent surgical treatment in a South American collaborative study.
Material and Methods
In total, 376 consecutive patients from two South American centers were evaluated; the participants underwent radical nephrectomy (RN) or partial nephrectomy (PN) during the period from 1989 to 2009. The clinical data were obtained from medical records of the AC Camargo Hospital in São Paulo, Brazil, and from the Pasteur Hospital in Montevideo, Uruguay. The pathological data were reviewed and standardized by one experienced pathologist. Patients who had other malignancies, who underwent neoadjuvant treatment, who had incomplete data, and who had missed follow-up were excluded from the study, which featured a final sample of 318 patients. The investigation was approved by the Brazilian National Committee for Ethics in Research (No. 549/ 2011).
The ASA classification was performed preoperatively by the anesthesiology staff, and the patients were classified as ASA 1, ASA 2 or ASA 3. Altogether, 77% of the subjects underwent RN, and 23% underwent PN. The mean age was 57.1 (14 -86) years. Follow-up was conducted every 3 months during the first 2 years, and thereafter, every 6 months. Metastasis assessment was performed via computerized tomography or magnetic resonance of the abdomen and pelvis and via chest radiography or total-body bone scintigraphy.
The clinicopathological variables analyzed included age, gender, tobacco use, presence of symptoms at diagnosis, type of surgery, stage (TNM, 2010) [21] , Fuhrman grade, ECOG, KPS, histological subtype, vascular and lymphatic invasion, presence of necrosis, lymph node involvement, adrenal involvement, early and late complications, follow-up period, and presence of metastases. The correlation between the ASA classification and the classical clinicopathological variables were evaluated.
The SPSS software for Windows, version 17.0 (SPSS Inc., Chicago, USA), was used for the statistical analysis. The comparison between the clinical and pathological variables and the ASA classification was performed using the Pearson chi-square test. The variables with an expected frequency <5 were analyzed using Fisher's exact test.
Overall survival (OS) was defined as the time interval between surgery and either the date of death or the last visit. Cancer-specific survival (CSS) was defined as the interval between surgery and either death from RCC or the last visit. The study of overall and specific survival in 5 years was performed by the Kaplan-Meier method, and the comparisons between the categories were performed using the log rank test. For the multivariate analysis and determination of variables with an impact on survival, the Cox proportional hazards model (backward stepwise) was used. The value of p < 0.05 was considered statistically significant.
Results
In total, 318 patients were evaluated with a mean followup of 48 months. Among the population studied, the majority (60.3%) were male, 91% were white, and 107 (33.4%) were smokers. Incidental tumors accounted for 47% of cases, 37 patients (11.6%) exhibited metastases at diagnosis, and clear cell carcinoma was the most common histological type found in 156 patients (74%). Table 1 shows clinical and epidemiological features and association with ASA classification of all patients. Thirty-eight patients (11.9%) were classified as ASA 1, 213 (67%) patients as ASA 2, and 67 (21.1%) patients as ASA 3. The ASA 3 patients were older than the ASA 1 and ASA 2 patients, with approximately 73% of ASA 3 patients in the range of 60 to 82 years of age. Metastases at diagnosis occurred in 23.9% of the ASA 3 patients, versus 10% (21 of 213) the ASA 2 patients. No ASA 1 patients had metastatic disease at diagnosis. The ASA 3 patients had 25% of the early complications and 18.8% of the late complications. characteristics and association with ASA classification. An association was found between the ASA classification and the ECOG, KPS, metastasis at diagnosis, perirenal fat invasion, clinical stage, Fuhrman grade, presence of necrosis, age at onset, and rate of early or late complications. The OS and CSS rate at 5 years for all patients was 74.1% and 81%, respectively. At the final follow-up, 76 patients had died, including 56 (73.6%) who died from RCC. In the univariate analysis, the rates of OS for ASA 1, ASA 2, and ASA 3 were 88.2%, 77.6%, and 54.2%, respectively (p < 0.001). The CSS at 5 years for ASA 1, ASA 2, and ASA 3 was 88.2%, 83.1%, and 69.5%, respectively (p = 0.009) (Figure 1) . When considering only ASA 1 and ASA 2 patients, no statistically significant differences existed in the curves for OS (p = 0.216) and CSS (p = 0.505). The risk of overall death in the ASA 3 patients was 2.82 times greater than in the ASA 1 or ASA 2 patients (p = 0.001; 95% IC 1.7 -4.53). Disease recurrence occurred in 45 patients, with no difference between the disease-free survival (DFS) curves stratified by ASA classification (p = 0.483).
After multivariate analysis for OS and CSS, the incidental tumors, presence of metastasis at diagnosis, Fuhrman grade, and clinical staging were considered statistically significant independent factors for survival. Fur-thermore, the ASA classification also had a predictive impact on the OS (p = 0.010) ( Table 3) .
The survival curve analysis stratified by ASA was also performed after the exclusion of 37 cases with metastases at diagnosis. Of the 281 cases of tumors without metastases, death by cancer occurred in 34 patients (12%). Death from other causes in patients with non-metastatic disease occurred in 19 patients (6.7%). The CSS at 5 years for ASA 1, ASA 2, and ASA 3 was 88.2%, 87.4%, and 83.7%, respectively (p = 0.646). An effect of ASA on the OS at 5 years after the exclusion of metastatic cases (p = 0.030) was also observed. At the final followup, 88.2% of the ASA 1 patients, 81.9% of the ASA 2 patients, and 62.8% of the ASA 3 patients were still alive.
Discussion
The evaluation and prognosis of RCC patients are based on clinicopathological variables that are recognized by their capacity to predict survival, recurrence, and disease progression [22] . However, these prognostic factors alone cannot accurately differentiate tumors of low malignant potential from clinically relevant tumors. Thus, with an aging population and the gradual increase in chronic diseases, interest in the study of the prognostic value of comorbidities in patients with various tumors has increased [23] .
The ASA classification has been widely employed to assess the risk of perioperative complications based on comorbidities [24] ; however, use of the classification as a prognostic factor in cancer patients is still controversial [25] . In a retrospective study of more than 500 patients with urothelial bladder carcinoma who were subjected to cystectomy, Mayr et al. demonstrated the impact of comorbidities assessed by the ASA classification on the cancer-specific mortality [26] .
In a recent study from our group, Zequi et al. evaluated the ASA classification as a prognostic factor in 141 RCC patients subjected to surgical treatment. In that study, ASA-stratified patients exhibited effects on the OS, CSS, and DFS rates, as well as on the risk of developing metastases. The investigation also revealed that ASA-3 patients had fewer incidental tumors at diagnosis, thereby representing a group with high risks of death and disease progression compared with ASA 1 and 2 [18] .
The present study confirmed the ASA classification's impact on the OS of RCC patients after univariate and multivariate analysis. At the final follow-up, 45.7% of the ASA 3 patients, 22.3% of the ASA 2 patients, and only 11.7% of the ASA 1 patients had died. Considering only the 20 cases of non-oncological death, 11 patients (55%) were ASA 2, and nine patients (45%) were ASA 3. Thus, the risk of death from other causes was approximately 4 times higher in the ASA 3 patients compared with the ASA 2 patients (p = 0.002). These findings demonstrate the importance and effect of comorbidities assessed by the ASA in the prognosis of patients subjected to surgical treatment for RCC. Moreover, it is not known whether the presence of several comorbidities affects the immune system of RCC patients, resulting in more biologically aggressive disease.
The risk of death from other causes in patients with localized RCC was recently evaluated by Chang et al. [27] . In their study, factors such as advanced age, low body mass index, and an ASA score of 3 to 4 were independent predictors of non-cancer-related death. Berdijis et al. [28] evaluated 1,023 patients subjected to surgical treatment for RCC and demonstrated that the morbidity and mortality did not increase with age; however, there was a positive correlation with the ASA classification. In an epidemiologic study of almost 1400 RCC patients, hypertension and diabetes were present in 58% and 17% of the patients, respectively [29] . Thus, the presence of comorbidities assessed by the ASA classification is associated with increased morbidity and mortality during RCC treatment and may influence the therapy. Our results revealed that the percentage of perioperative complications in the ASA 1, ASA 2, and ASA 3 patients was 16.1%, 15.8%, and 29.2%, respectively. The risk of early or late complications in the ASA 3 patients was at least double that of the ASA or ASA 2 patients, combined (odds ratio, 2.18; p = 0.038).
Further results demonstrated an association between the ASA classification and the main clinicopathological variables, contrary to the findings of Han et al. [30] . Of the ASA 3 patients in the present study, 23.9% had metastases at diagnosis, which was a risk 2.86 times greater than in the ASA 2 patients (p = 0.003). None of the ASA 1 patients exhibited metastatic disease. Furthermore, among the ASA 3 patients, nearly one-half had highgrade disease. Perirenal fat invasion, advanced clinical stage, age, presence of necrosis, and measures of PS (such as ECOG and KPS) were also associated with a higher ASA classification. Approximately 23% of the ASA 3 patients had KPS < 80, and all of the ASA 1 patients were classified as ECOG 0. Thus, considering the whole sample, the patients stratified as ASA 3 had disease with more criteria of aggressiveness and an important impact on PS scales such as KPS and ECOG.
By contrast, after the exclusion of cases with metastasis at diagnosis, no association was observed between the main tumor-dependent variables and the ASA stratification, thus characterizing the aggressiveness of tumors that presented with metastatic disease. However, in this group of patients, the ASA stratification was associated with patient-dependent variables such as the ECOG, KPS, and age. Patients with metastases rapidly progress to death and should be treated more aggressively. However, if the patient has a high number of comorbidities, then the validity of this approach might be reconsidered.
An important application of evaluating the ASA classification might involve non-metastatic patients, patients with small renal masses, elderly individuals, or those with multiple comorbidities. Whereas ASA 3 patients exhibit shorter survivals, higher risk of death from other causes, and increased risk of perioperative complications, perhaps this group of patients could be spared from the more aggressive treatments.
In addition to the ASA classification, prognostic factors such as the Fuhrman grade, presence of metastasis at diagnosis, clinical stage, and incidental tumors remained as independent predictive variables of OS and CSS.
Our study is limited by its retrospective nature and its being composed of a historic series from two institutions over a long period. Moreover, the ASA classification has a subjective aspect; however, it is time honored, is easily memorized, and has the advantage of being prescribed by another professional, thereby avoiding surgeon bias. In addition, this classification is already routinely available within medical records (requiring no additional development costs), is recognized worldwide, and allows for the scientific standardization of information.
The present study demonstrated the negative impact of the ASA classification on survival rates and its association with the main RCC prognostic variables. It is established that RCC management should be performed individually, considering the patient's life expectancy, associated risks, and comorbidities. Thus, the ASA classification may be used as an additional tool for assessing and planning the treatment of RCC patients, based on its clinical applicability, easy access during the preoperative routine, and high reproducibility.
Conclusion
The present study demonstrated the value and impact of the ASA classification as an independent predictor of OS in RCC patients who underwent surgical treatment and revealed the association between the ASA classification and the major prognostic variables. Based on these findings, the ASA classification may also be employed as an additional predictive tool for managing RCC patients with limited life expectancies or patients with multiple comorbidities. Furthermore, the ASA classification may facilitate the evaluation of candidates for active surveillance protocols or minimally invasive treatments, as an addition to the already established prognostic factors.
